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ABSTRACT 


Unisexual populations of Gymnophthalmus un- 
derwoodi occur in northern South America and 
the West Indies, primarily in open habitats where 
direct sunlight reaches the ground. Individual fe- 
males from Suriname and from the main island 
of Trinidad have been shown to reproduce inde- 
pendently by parthenogenesis, and only female off- 
spring are produced. Chromosomes and structural 
genes (detected by protein electrophoresis) reveal 
that inheritance is clonal in this diploid species, 
and the same clone occurs in Suriname and Trin- 
idad. Individuals of G. underwoodi have enormous 
heterozygosity (45% of the 33 gene loci tested), 
indicating that this unisexual clone had a hybrid 
origin. 

Two geographically and morphologically rele- 
vant bisexual species were investigated as the pos- 
sible ancestors of G. underwoodi: G. pleei of Mar- 
tinique, and G. speciosus of northern South 
America and neighboring islands. In addition, 
comparative electrophoretic data are presented for 
another more distantly related Neotropical micro- 
teiid, Arthrosaura kockii, from Suriname, because 
little is known about heterozygosity indices in bi- 
sexual microteiids to begin with. 

Gymnophthalmus pleei is morphologically, 
karyotypically, and biochemically very distinct 
from the other Gymnophthalmus and is clearly 
tuled out as a possible ancestor of the unisexual 
species. However, we conclude that G. speciosus 
is one of the ancestors; it has a suite of chromo- 
somes and structural genes that represent one of 


the two haploid genotypes detected in G. under- 
woodi, and its morphology is nearly identical to 
that of underwoodi. 

The second bisexual ancestor of G. underwoodi 
remains to be found. We hypothesize that this 
ancestor occurs somewhere in or near the Guiana 
Region of South America (northern Brazil, eastern 
Venezuela, Guyana, Suriname, and French Gui- 
ana). The preferred habitat, external morphology, 
karyotype, and relative electrophoretic mobilities 
of proteins encoded by 33 gene loci are predicted 
for this unknown species, based on those described 
here for underwoodi and speciosus. These predic- 
tions can be tested by examining fresh samples 
from relevant populations. 

Ecology and geographic distribution suggest that 
parthenogenesis in Gymnophthalmus had a hybrid 
origin in disturbed habitats, a pattern of origin 
similar to that of the unisexual lizards in the north- 
ern Temperate Zone. The hybridization probably 
occurred in northern South America, associated 
with shifts in distribution of savanna or other open 
habitats and forest. Such habitat shifts accompany 
fluctuations in rainfall, as in Pleistocene to Recent 
times, changes in the courses of rivers, and human 
modifications of natural habitats. Populations of 
G. underwoodi in the West Indies probably re- 
sulted from dispersal of the clone. Island coloni- 
zation is particularly efficient in parthenogenetic 
species; reproductive potential is enormous, as ev- 
ery normal individual produces offspring inde- 
pendently. 


INTRODUCTION 


The genus Gymnophthalmus comprises six 
known species of lizards. It is among the three 
dozen Neotropical genera that often are re- 
ferred to informally as ‘“‘microteiids’” and 
recently have been shifted back and forth be- 
tween the families Teiidae and Gymnoph- 
thalmidae (e.g., Presch, 1983; Harris, 1985; 
several chapters in Estes and Pregill, 1988). 
Final assignment of these taxa at the familial 
level awaits a thorough review of all genera. 
Until such a review is completed, we contin- 
ue to use Teiidae (sensu lato). 

The range of Gymnophthalmus is from 
southern Mexico to Argentina (plus certain 
islands off northern South America and in 
the West Indies; Stuart, 1939; Peters and 
Donoso-Barros, 1970). One of the species, 
Gymnophthalmus underwoodi Grant, origi- 


nally thought to occur only in the West In- 
dies, is one of the few species of vertebrates 
with unisexual populations; Thomas (1965) 
reported that all known specimens were fe- 
males. Hoogmoed (1973) later reported that 
G. underwoodi also occurs in Suriname and 
Guyana, and he brought the number of known 
specimens to nearly 100—all females. 

The first males identified as G. underwoodi 
were discovered by Vanzolini (1976); he 
found four males among 22 apparent under- 
woodi specimens from Suriname and Brazil 
in the herpetological collection of the Museu 
de Zoologia, Universidade de Sao Paulo, Bra- 
zil. Additional males, from Colonia Coronel 
Mota, Roraima, northern Brazil, were re- 
ported by Cunha (1981). Vanzolini (1976) 
proposed that the occurrence of only a few 
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males in a few populations suggested that uni- 
sexuality is evolving in G. underwoodi now, 
and the males could be becoming extinct. This 
explanation seemed more reasonable than 
suggesting that the scarcity of males was due 
to a sampling artifact. In addition, the ab- 
sence of morphological characters indicating 
hybrid traits in G. underwoodi suggested that 
all-female populations had a nonhybrid ori- 
gin (Vanzolini, 1976). However, this is in 
contrast to the hybrid origins previously 
known for unisexual species of teiid lizards 
in the northern Temperate Zone (e.g., Lowe 
and Wright, 1966; Neaves, 1969; Parker and 
Selander, 1976; Cole et al., 1988; Dessauer 
and Cole, 1989), and more recently reported 
also for Neotropical species (Cole et al., 1983, 
1989; Dessauer and Cole, 1989; Sites et al., 
1990; Vyas et al., 1990). 

To date, all but one of the most thoroughly 
investigated unisexual species of vertebrates 
has been shown conclusively to have had a 
hybrid origin (for reviews, see Cole, 1975; 
Darevsky et al., 1985; Dawley and Bogart, 
1989). The one exception is the Neotropical 
xantusiid lizard of the genus Lepidophyma 
from Panama, for which a hybrid origin still 
is not completely ruled out (Bezy and Sites, 
1987). Thus, the reports of a few males and 
lack of evidence for a hybrid origin of uni- 
sexual populations of G. underwoodi war- 
ranted further research (Cole et al., 1983, 
1989). 

Our first two questions were: (1) Do fe- 
males of G. underwoodi from certain popu- 
lations reproduce independently by parthe- 
nogenesis? (2) Are males of the same G. 
underwoodi produced in the laboratory or in 
nature? These questions were answered by 
collecting living G. underwoodi specimens in 
Trinidad and Suriname at localities from 
which no males were known and establishing 
laboratory colonies to study patterns of re- 
production and reproductive histology. The 
colony females reproduced independently by 
parthenogenesis, generation after generation, 
and no males were identified (Hardy et al., 
1989). Our next three questions, addressed 
in this report, are the following: (1) Did the 
unisexual G. underwoodi have a hybrid ori- 
gin? (2) Does G. underwoodi have a clonal 
pattern of inheritance? (3) If G. underwoodi 
had a hybrid origin, who are its ancestors and 
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where do they occur? In order to address these 
questions, we studied ecological, morpholog- 
ical, chromosomal, and biochemical char- 
acters of G. underwoodi from Trinidad and 
Suriname. These were compared with the 
same characters of freshly collected samples 
of two bisexual congeners from geographi- 
cally relevant localities: G. pleei Bocourt 
(sample from Martinique) and G. speciosus 
(Hallowell) (sample from Chacachacare Is- 
land, Republic of Trinidad and Tobago, be- 
tween the island of Trinidad and the Penin- 
sula de Paria, Venezuela). In addition, we 
surveyed major herpetological collections and 
borrowed all preserved specimens of G. un- 
derwoodi from throughout its range, includ- 
ing the males reported by Vanzolini (1976) 
and by Cunha (1981), plus all specimens of 
G. pleei and all of G. speciosus from the Gui- 
ana Region. Morphological comparisons were 
also made with G. lineatus (Linnaeus), but 
the remaining two species, G. multiscutatus 
Amaral and G. rubricauda Boulenger are out 
of scope for this investigation morphologi- 
cally and biogeographically (see below). In 
addition, comparative electrophoretic data 
are presented for another Neotropical micro- 
teiid lizard, Arthrosaura kockii (Van Lidth de 
Jeude), because little is currently known about 
heterozygosity indices in bisexual micro- 
teiids. 
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METHODS 
MORPHOLOGICAL CHARACTERS 


Color notes and photographs were taken in 
life for specimens we collected. Characters of 
external morphology were determined as de- 
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scribed by Hoogmoed (1973), but some re- 
quire additional comment, as follows. 

Sex was determined either by observation 
of everted hemipenes or dissection (inspec- 
tion of hemipenes or gonads). Infralabial 
scales were counted from the mental posteri- 
ad to the posterior edge of the eye. Gular 
scales were counted beginning at the last en- 
larged genial scale on the right side posteriad 
to (but not including) the enlarged, midven- 
tral, triangular, pectoral scale. Ventral scales 
(right of midline) were counted from the same 
pectoral scale to (but not including) the en- 
larged, central (midventral) preanal scale. 
Subdigital lamellae on the fourth toe and third 
finger (fourth finger if treating the first as pres- 
ent) were counted from the claw (not includ- 
ed) to (but not onto) the foot or hand; if en- 
larged lamellae of this series extended onto 
the foot or hand, they were not counted. 


UNIVARIATE AND MULTIVARIATE 
ANALYSES 


For univariate analyses and comparisons, 
reduced data are presented as the mean plus 
or minus one standard error of the mean. 
There was substantial concordance in vari- 
ation among some morphological characters. 
These characters significantly covaried among 
the taxa, so each character should not be as- 
sumed to represent a completely independent 
estimate of the patterns of variation among 
these Gymnophthalmus. Therefore, multi- 
variate combinations of the characters may 
represent better (nonredundant) estimates of 
the patterns of morphological variation. Con- 
sequently, we performed principal compo- 
nents analyses (PCA) of the morphological 
data, using the SAS program for microcom- 
puters. (PCA in the Factor procedure, with 
PC scores standardized to unit variance.) 

Ten characters were used for PCA: snout- 
vent length; number of femoral pores (total 
for both sides, table 3, except in analyses of 
females, which always lacked pores); and the 
number of the following epidermal scales: su- 
pralabials (total for both sides, table 3); in- 
fralabials (total for both sides, table 3); gulars; 
ventrals; dorsals; scales around midbody; 
subdigital lamellae on the fourth toe; and 
subdigital lamellae on the third finger. Only 
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specimens with complete data in the matrix 
(no blank cells) were used. For toe lamellae, 
only the right foot was used in principal com- 
ponents analyses, but if the specified right toe 
was missing, the left foot was used. For finger 
lamellae, only the left hand was used in prin- 
cipal components analyses, but if the speci- 
fied left finger was missing, the right hand 
was used. Given the number and combina- 
tion of toes and fingers missing on certain 
specimens, this maximized the number of 
specimens used in the analyses and violated 
no assumptions, as Student’s t-tests indicated 
no left-right asymmetry in counts of lamellae. 


KARYOTYPES 


Karyotypes were prepared and studied as 
described for other te1id lizards (Cole, 1979). 
The most productive tissue in tiny micro- 
teiids has been vertebral bone marrow, to 
which we usually added the spleen. We ex- 
amined chromosomes of 137 mitotic and 
meiotic cells from 26 lizards (G. underwoodi, 
G. pleei, and G. speciosus). 


BIOCHEMICAL GENETICS 


Samples of fresh tissues (liver, heart, kid- 
neys, stomach, small intestine, plasma, blood 
cells, and often the tail) were collected prior 
to preservation of adult and subadult lizards. 
For some juveniles and hatchlings, the entire 
lizard was frozen intact. Gymnophthalmus 
and Arthrosaura are so small that usually the 
samples of liver, heart, and kidney from an 
individual were pooled prior to homogeni- 
zation. Samples from different individuals 
were never pooled. Tissues were maintained 
in the frozen tissue collection at the Museum 
of Natural Science, Louisiana State Univer- 
sity, Baton Rouge. Methods of tissue storage 
and curation have been described (Dessauer 
and Hafner, 1984; Dessauer et al., 1990). 

Electrophoresis of tissue proteins of 80 liz- 
ards was conducted as described in detail for 
other teiids (Dessauer and Cole, 1990). Table 
1 lists the buffers used, the loci examined, the 
enzyme commission numbers, and abbrevi- 
ations recommended by Shaklee et al. (1989). 
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TABLE 1! 
Presumptive Structural Gene Loci Examined in Gymnophthalmus and Arthrosaura 
Locus EC no. Abbrev.? Buffer’ 
Oxidoreductases 
Alcohol dehydrogenase 1.1.1.1 ADH TM, 7.4, NAD, EDTA, Mg 
Glycerol-3-phosphate dehydrogenase 1.1.1.8 G3PDH PC, 6.0 
L-Lactate dehydrogenase 1.1.1.27 LDH-1 TM, 7.4 
LDH-2 
Malate dehydrogenase 1.1.1.37 sMDH PC, 6.0 
mMDH 
Isocitrate dehydrogenase 1.1.1.42 sIDHP TM, 7.4, NADP, EDTA, Mg 
mIDHP 
Phosphogluconate dehydrogenase 1.1.1.44 PGDH TM, 7.4, NADP, EDTA, Mg 
Superoxide dismutase 1.15.1.1 sSOD TM, 7.4 
mSOD 
Transferases 
Aspartate aminotransferase 2.6.1.1 sAAT TM, 7.4 
mAAT 
Alanine aminotransferase 2.6.1.2 ALAT TM, 7.4 
Pyruvate kinase 2.7.1.40 PK TM, 7.4 
Creatine kinase 2.7.3.2 CK-1 TM, 7.4 
CK-2 
Adenylate kinase 2.7.4.3 AK TM, 7.4 
Hydrolases 
Esterase D 3.1.1—- ESTD°4 PC, 6.0; TM, 7.4 
Acid phosphatase 3.1.3.2 ACP? PC, 6.0 
Dipeptidase 3.4.-—.- PEPAS TM, 7.4 
Tripeptide aminopeptidase 3.4.—— PEPB* PC, 6.0 
Peptidase-C 3.4.—- PEPC! PC, 7.4 
Tripeptidase-E 3.4.—.- PEPE? PC, 6.0 
Proline dipeptidase 3.4.13.9 PEPD! TM, 7.4 
Adenosine deaminase 3.5.4.4 ADA TM, 7.4 
Lyases 
Aconitate hydratase 4.2.1.3 sAH TC, 7.4 
mAH 
Isomerases 
Mannose-6-phosphate 5.3.1.8 MPI TM, 7.4 
Glucose-6-phosphate 5.3.1.9 GPI PC, 6.0 
Phosphoglucomutase §.4.2.2 PGM PC, 6.0 
Nonenzymic blood proteins 
Transferrin TF V, 8.6 
Albumin ALB V, 8.6 


? Shaklee et al. (1989); s = cytosolic enzyme; m = mitochondrial enzyme. 

+ Buffer components, pH, and additives: C = citric acid; M = maleic acid; P = disodium hydrogen phosphate; V 
= veronal (barbituric acid). 

© Substrate 4-methylumbelliferyl acetate. 

4 Inactive with alpha-naphthy] esters. 

€ Substrate 4-methylumbellifery] phosphate. 

F Substrate phenylalanyl.leucine. 

§ Substrate leucyl.glycyl.glycine. 

A Substrate lysyl.leucine. 

! Substrate phenylalanyl.proline. 
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Fig. 1. Diploid karyotype of the bisexual Gymnophthalmus pleei (2n = 34, AMNH 128430, male). 
The fifth largest pair of chromosomes is heteromorphic; females have XX. Bar represents 10 p. 


REPRODUCTION 


Procedures for maintaining captive Gym- 
nophthalmus in reproducing lineages have 
been detailed elsewhere (Townsend and Cole, 
1985; Hardy et al., 1989). 


RESULTS AND DISCUSSION 


Did the Unisexual G. underwoodi 
Have a Hybrid Origin? 


We hypothesized that if G. underwoodi had 
a hybrid origin, its karyotype might consist 
of two or more distinct haploid complements 
of chromosomes, as in some other unisexual 
species (e.g., Cnemidophorus neomexicanus; 
Lowe and Wright, 1966; Cole et al., 1988). 
We also predicted that electrophoresis of tis- 
sue proteins would reveal that G. underwoodi 
has a high degree of heterozygosity (probably 
at least 20% of the gene loci tested), whereas 
if it had a nonhybrid origin, heterozygosity 
would be low (10% or less), as found in com- 
parable Cnemidophorus species (Neaves, 
1969; Parker and Selander, 1976; Dessauer 
and Cole, 1984, 1989; Cole et al., 1983, 1988). 
In addition, we predicted that if G. under- 
woodi had a hybrid origin, comparative in- 
vestigations with geographically relevant 
samples of bisexual species of Gymnophthal- 
mus would reveal its ancestors. 

A review of all known species of Gymno- 
phthalmus suggested that the bisexual ances- 
tors of G. underwoodi could well be repre- 
sented by G. speciosus of northern South 
America (or Chacachacare Island, Republic 
of Trinidad and Tobago), and either G. pleei 
of Martinique or some other little known 
(Vanzolini, 1976; Cunha, 1981) or unknown 
bisexual populations of Gymnophthalmus in 
northern South America. Consequently, we 


collected samples from relevant localities and 
compared their chromosomes and proteins. 
In addition, we compared these lizards in 
preferred habitat and external morphology 
(color, color pattern, size, scutellation; see be- 
low). 


KARYOTYPES 


We compared karyotypes of the following 
species: Gymnophthalmus pleei (Martinique; 
3 males, 2 females; 36 cells); G. speciosus 
(Chacachacare Island, Republic of Trinidad 
and Tobago; 4 males, 1 female; 38 cells); and 
G. underwoodi (St. Augustin, Trinidad; Bro- 
kopondo and Christiaankondre, Suriname; 
16 females; 63 cells). 

Gymnophthalmus pleei has a distinctive 
karyotype with the lowest number of chro- 
mosomes known in microteiids (fig. 1). The 
diploid number is 34, with 12 larger macro- 
chromosomes (all biarmed) and 22 micro- 
chromosomes (with up to 4 biarmed in the 
clearest cells). The macrochromosomes of the 
females appear as follows: the largest four 
pairs, all metacentric; fifth largest pair, sub- 
telocentric; sixth pair, submetacentric. The 
males were identical, except consistently the 
fifth largest pair was heteromorphic, with one 
subtelocentric as in the females plus one telo- 
centric (fig. 1). Thus, we conclude that G. 
pleei has an XY (6):XX (2) sex chromosome 
system. No consistent secondary constric- 
tions were observed. 

In sharp contrast, G. speciosus has a much 
larger number of chromosomes, including 
several pairs of telocentric macrochromo- 
somes (fig. 2, top). Its diploid number is 44, 
with 20 macrochromosomes and 24 micro- 
chromosomes (up to 6 biarmed in the clearest 
cells). Males and females are apparently iden- 
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Fig. 2. Diploid karyotypes of three species of Gymnophthalmus (in each, 2” = 44), two real and one 
hypothetical. TOP, the bisexual G. speciosus (AMNH 128440, male). The first, second, third, and ninth 
pairs of macrochromosomes are submetacentric or clearly subtelocentric, whereas the rest are telocentric 
or essentially so. MIDDLE, the unisexual G. underwoodi (AMNH 133314, female). The left chromosome 
of each pair matches a haploid set from G. speciosus, in this interpretation with four heteromorphic 
pairs (1, 2, 3, 9). Line represents 10 nu. BOTTOM, hypothetical diploid karyotype of the second bisexual 
ancestor of G. underwoodi. Using two prints of the cell from underwoodi, we took the right chromosome 
of each pair twice (middle karyotype). We predict that the 33 proteins for G. ??? shown in table 2 will 


be found in lizards having a karyotype identical or very similar to this. 


tical, with no morphologically recognizable 
sex chromosomes. The macrochromosomes 
appear as follows: the largest three pairs, all 
submetacentric; the fourth through eighth plus 
tenth largest pairs, all telocentric; and the 
ninth pair, submetacentric to subtelocentric. 
No secondary constrictions were observed. 
The karyotype of G. underwoodi is vastly 
different from that of G. pleei but in some 
respects is very similar to that of G. speciosus. 
Indeed, the diploid karyotype of underwoodi 
appears to include a perfect, complete hap- 
loid complement of chromosomes from spe- 
ciosus (fig. 2, middle). As in G. speciosus, there 
are 44 chromosomes in G. underwoodi, with 
20 macrochromosomes and 24 microchro- 
mosomes (up to 6 biarmed in the clearest 
cells). The macrochromosomes show consid- 
erable heteromorphism: There are 15 telo- 
centrics; three among the largest six chro- 
mosomes are submetacentric, similar to those 
In speciosus; one among the largest six is 


metacentric, unlike any in speciosus; and one 
among the smallest is submetacentric to sub- 
telocentric, similar to one in speciosus (pair 
9). Because one haploid set matches perfectly 
that of G. speciosus (fig. 2), we hypothesize 
that the other haploid set represents the 
karyotype (fig. 2, bottom) of the other bisex- 
ual species that hybridized with G. speciosus 
in the ancestry of G. underwoodi. 


BIOCHEMICAL GENETICS 


Proteins encoded by 33 presumptive struc- 
tural gene loci were compared by electropho- 
resis in G. underwoodi (N = 67 compared), 
G. speciosus (N = 6), G. pleei (N = 5), and 
Arthrosaura kockii (N = 2; table 2; fig. 3). As 
predicted, mean heterozygosity was high in 
the unisexual G. underwoodi; 15 out of 33 
loci (H = 0.45). Five of these heterozygous 
patterns are shown in figure 3. In contrast, 
mean heterozygosity was below 0.10 for each 
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TABLE 2 
Alleles? at 33 Presumptive Structural Gene Loci 
in Samples’ of Gymnophthalmus and Arthrosaura 


Locus‘ UND SPE ” PLE ART 
ADH ac cc aa bb bb 
G3PDH bb bb bb bb aa 
LDH-1 aa aa aa bb cc 
LDH-2 bb bb bb bb aa 
sMDH aa aa aa aa ab@ 
mMDH ac cc cc bb 
sIDHP aa aa aa bb cc 
mIDHP aa aa aa aa bb 
PGDH ab bb aa bb cc 
sSOD aa aa cc bb 
mSOD aa aa aa aa bb 
sAAT ac aa cc aa bb 
mAAT bb bb bb bb aa 
ALAT be ba? cc ab’ cc 
PK aa aa aa bb aa 
CK-1 bb bb bb bce¥ aa 
CK-2 cc cc cc ba! dd 
AK aa aa aa aa aa 
ESTD cc cc cc bb aa 
ACP ab aa bb ab! cc 
PEPA cc cb/ cc cc aa 
PEPB ab aa bb aa bb 
PEPC bc cc bb aa aa 
PEPE bb bb bb bb aa 
PEPD de cdb* ee bb aa 
ADA ab bb aa ba! cc 
sAH cd de” cc bb 
mAH bb bb bb bb aa 
MPI ac ca” ac aa bb 
GPI ac cad? ac bb ee 
PGM be cb? be cc aa 
TF ab bb aa bb cc 
ALB aa aa aa bb aa 


@ Alleles are designated in alphabetical sequence in 
order of decreasing anodal migration. Polymorphism was 
fixed in G. underwocdi. For all other species, alleles are 
listed in order of frequency (highest to lowest) for poly- 
morphic loci. 

5’ UND = G. underwoodi, 12 specimens from two sites 
in Trinidad plus 33 specimens from three sites.in Suri- 
name plus 22 specimens of Suriname stock representing 
the F; through F3 generations reared in the laboratory. 
SPE = G. speciosus, 6 specimens from Chacachacare 
Island, Republic of Trinidad and Tobago. 77? = unknown 
bisexual ancestor that hybridized with G. speciosus and 
gave rise to G. underwoodi; alleles for 7?? are predicted; 
all others in this table were determined experimentally. 
PLE = G. pleei, S specimens from one site in Martinique. 
ART = A. kockii, two specimens from one site in Su- 
riname. 

© For multilocus systems, loci are numbered in order 
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of the bisexual species, as follows: G. specio- 
sus, 0.07 (range, 0.03-0.10); G. pleei, 0.05 
(range, 0.03-0.07); and A. kockii, 0.015 (0.00- 
0.03). The heterozygosity indices for these 
bisexual microteiids are close to those of oth- 
er bisexual teiids, whereas heterozygosity for 
the unisexual G. underwoodi is as high as or 
higher than that of most other unisexual te1ids 
(e.g., Parker and Selander, 1976; Dessauer 
and Cole, 1984, 1989). This is consistent with 
the hypothesis that G. underwoodi had a hy- 
brid origin. 

For 12 (36%) of the 33 loci tested, neither 
of the alleles present in G. underwoodi was 
detected in G. pleei, nor were the alleles for 
27 (82%) of the 33 loci in A. Kockii. Therefore, 
these two species are ruled out as ancestors 
for the unisexual species. In contrast, for all 
33 loci tested, one complete haploid set of 
alleles in G. underwoodi was identical to a 
typical haploid set of G. speciosus (table 2). 
Thus, we conclude that G. speciosus is one of 
the two bisexual ancestors of the unisexual 
G. underwoodi. By the process of eliminating 
the known haploid genome of speciosus from 
the diploid genomes of G. underwoodi, we 
derive a prediction of the haploid genome 
contributed by the other ancestor and double 
that to represent a possibly typical diploid 
condition for that unknown species (table 2; 
227). 

As discussed below, G. underwoodi is very 
similar in external morphology to G. specio- 
sus and probably also to its other bisexual 


_ 


of decreasing anodal migration of their polypeptide 
products. 

4 Frequency of a = 0.75; b = 0.25. 

€ Frequency of b = 0.75; a = 0.25. 

f Frequency of a = 0.70; b = 0.30. 

& Frequency of b = 0.80; c = 0.20. 

A Frequency of b = 0.70; a = 0.30. 

? Frequency of a = 0.90; b = 0.10. 

J Frequency of c = 0.92; b = 0.08. 

k Frequency of c = 0.67; d = 0.25; b = 0.08. 

! Frequency of b = 0.90; a = 0.10. 

™ Frequency of d = 0.92; e = 0.08. 

” Frequency of c = 0.75; a = 0.25. 

° Frequency of c = 0.83; a = 0.085; d = 0.085. 

P Frequency of c = 0.90; b = 0.10. 
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ancestor. We suggest that at least three cryptic 
species are involved in this underwoodi com- 
plex. Genetically, however, the bisexual an- 
cestors appear to be quite different (figs. 2, 3; 
table 2). In order to understand the genetic 
differences in the context of other lizards with 
which we are familiar, we compared the elec- 
trophoretic data for G. underwoodi with that 
for another diploid unisexual teiid of hybrid 
origin, Cnemidophorus neomexicanus, which 
we have also analyzed (Cole et al., 1988). Our 
data sets for G. underwoodi and C. neomex- 
icanus include 29 loci analyzed in both in- 
vestigations. Of these, 13 (45%) bear alleles 
in the heterozygous state in C. neomexicanus, 
12 (41%) are heterozygous in G. underwoodi. 
The bisexual ancestors of C. neomexicanus 
(C. tigris marmoratus and C. inornatus) are 
morphologically, ecologically, and karyotyp- 
ically very distinct and sympatric at several 
ecotonal localities without evidence of inter- 
breeding today (Cole et al., 1988). The an- 
cestors of the unisexual G. underwoodi appear 
to be cryptic species that are as genetically 
distinct as the ancestors of the unisexual C. 
neomexicanus. 

The 12 specimens of Gymnophthalmus un- 
derwoodi from two sites in Trinidad were 
identical in genotype to each other and to the 
33 specimens from three sites in Suriname 
(table 2). This suggests that they represent the 
same clone (see below) and they share a com- 
mon origin. We agree with Hoogmoed’s 
(1973) conclusion that the populations of 
Trinidad and those of the Guiana Region rep- 
resent one taxon, G. underwoodi. 


Does G. underwoodi Have a Clonal 
Pattern of Inheritance? 


The electrophoretic data for 32 (albumin 
was not recorded) of the 33 gene loci (table 
2) include nearly complete observations on 
25 specimens of Suriname stock (from Bro- 
kopondo), representing the following gener- 
ations of three lineages reared in the labo- 
ratory: P, (N = 3 lizards), F, (N = 12), F, (N 
= 4), and F; (N = 6). All individuals were 
identical, even at the 15 loci that bear alleles 
in the heterozygous state. No effects of re- 
combination or random assortment were ob- 
served. As in the parthenogenetic species of 
Cnemidophorus (Dessauer and Cole, 1986), 
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the heterozygosity observed in G. underwoodi 
is fixed; inheritance is clonal. This is consis- 
tent with parthenogenesis as the mode of re- 
production recently documented for G. un- 
derwoodi (Hardy et al., 1989). 


Who Are the Ancestors of G. underwoodi 
and Where Do They Occur? 


The karyotypic and electrophoretic data 
discussed above demonstrate that G. under- 
woodi had a hybrid origin, and they eliminate 
G. pleei from further consideration as one of 
its ancestors. In addition, the data strongly 
implicate speciosus as being one of the an- 
cestors, so the next problem is to identify the 
second bisexual ancestor. 

A review of the morphology ofall six known 
species of Gymnophthalmus does not reveal 
a likely candidate for this missing ancestor, 
suggesting that it may be either extinct or yet 
to be recognized. The morphological data 
suggest that the unknown ancestor is exceed- 
ingly similar to G. speciosus and G. under- 
woodi. 


UNIVARIATE MORPHOLOGICAL ANALYSES 


Relatively variable body measurement and 
epidermal scale count data are presented for 
10 characters in table 3. We also recorded 
data on numerous additional characters that 
provided no differences for distinguishing 
among any of the samples of G. speciosus, G. 
underwoodi, G. pleei, and G. lineatus com- 
pared (with few exceptions noted in the fol- 
lowing list). Thus, these species share the fol- 
lowing characters with insignificant variation: 
prefrontals paired, contacting each other at 
median suture; frontonasal separated from 
first supraciliary by prefrontals; one supra- 
ocular; no frontoparietals; nasal entire; nare 
about central in, or a bit below, center of nasal 
(but low in nasal of G. pleei); one loreal; one 
frenocular; one preocular; one subocular; 
three postoculars (uppermost smallest); three 
anterior plus two posterior temporals; two 
supraciliaries (posterior one very small); ce- 
phalic scales smooth; one postmental; two 
pairs enlarged genials; preanals usually one 
large central, three posterior edging cloaca, 
two very small laterals each side; dorsal body 
scales smooth (but keeled on posterior body 
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TABLE 3 
External Morphological Data? for 23 Samples (Four Species?) of Gymnophthalmus 


Species Sample Sex Body length Supralabials Infralabials Gulars Ventrals 
G. underwoodi Barbados; 9 32.6+0.80 160+0.02 80+ 0.02 94+0.09 22.4+ 0.10 
A (20-41) 38 (16-17) 40 (8-9) 40 (9-11)40 (21-23) 38 
G. underwoodi Guadelupe; @ 31.5+ 1.36 160+0.00 80+004 9324010 22.4+0.14 
N (19-41) 23 (16-16) 22 (8-9) 22 (9-10) 22 (21-24) 23 
G. underwoodi Dominica; Q 29.7 16.0 8.0 8.8 22.0 
O (26-34) 6 (16-16) 6 (8-8) 6 (8-9) 6 (20-23) 6 
G. underwoodi St. Vincent @ 340+0.94 160+0.00 804004 9324010 22.5+0.11 
Island; B (24-41) 27 (16-16) 27 (8-9) 27 (9-10) 23 (22-23) 22 
G. underwoodi Grenada; g 30.5 16.0 8.0 9.0 22 
Cc (25-36) 2 (16-16) 2 (8-8) 2 (9-9) 2 -) 1 
G. underwoodi Trinidad; 9 34.7+0.68 160+0.00 8.1+0.04 9.524007 22.4+ 0.11 
D (21-41) 49 (16-16) 49 (7-9) 49 (9-10) 47 (21-24) 47 
G. underwoodi Guyana @ 33.1+1.14 160+0.00 8.1+005 9.7+0.08 23.1 + 0.15 
(north.); E (17-40) 30 = (16-16) 30 (8-9) 30 (9-10) 30 (21-24) 28 
G. underwoodi?® Guyana g 37 16 8 10 24 
(east.); F C) 1 -) 1 © 1 -) 1 © 1 
G. underwoodi French g 26.5 16.0 8.0 10.0 23 
Guiana; G (20-33) 2 (16-16) 2 (8-8) 2 (10-10) 2 -) 1 
G. underwoodi Suriname 9 32.74+2.06 160+0.00 8.1+0.08 9.42+0.15 22.5 + 0.29 
(north.); H (17-41) 12 =£(16-16) 12 (8-9) 12 (9-10) 12 (21-24) 12 
G. underwoodi? — Suriname g 21 16 8 9 — 
(south.); I (-) 1 -) 1 -) 1 -) 1 
G. underwoodi Suriname 9 31.14 1.78 16.1+0.08 8.14008 94+0.16 22.6 + 0.16 
(Broko.); J (20-40) 12 = (16-17) 12 (8-9) 12 (9-10) 10 (22-23) 10 
G. underwoodi” — Suriname ? 23 16 8 9 22 
(Voltz.); K CC) 1 -) 1 -) 1 -) 1 -) 1 
G. underwoodi Suriname @ 37.4+0.60 160+0.00 8.1 + 0.06 94+0.12 22.6 + 0.21 
(east.); L (31-40) 17 (16-16) 17 (8-9) 17 (9-10) 17 (21-24) 17 
G.? Suriname 2 360+0.93 160+0.00 80+0.00 9.4+0.15 225+ 0.41 
(east.); Z (31-41) 11 (16-16) 11 (8-8) 11 (9-10) 17 (21-26) 11 
G. speciosus Suriname é 32.5 16.0 8.0 10.0 22.0 
(east.); P (32-33) 2 (16-16) 2 (8-8) 2 (10-10) 2 (22-22) 2 
G. underwoodi ? Brazil g 40.0 15.9 6.0 9.0 22.2 
(Maraca); M (37-43) 8 (15-16) 8 (6-6) 8 (9-9) 8 (22-23) 8 
G.? Brazil; 2 35.3 15.7 6.0 9.0 22.3 
Q (30-40) 3 (15-16) 3 (6-6) 3 (9-9) 3 (22-23) 3 
G. speciosus Brazil; é 34.5 16.0 7.0 9.5 22.5 
Q (32-37) 2 (16-16) 2 (6-8) 2 (9-10) 2 (21-24) 2 
G. speciosus Brazil @ 34.340.71 159+0.08 80+0.00 93+0.19 25.4 + 0.23 
(Mota); R (30-39) 12 (15-16) 12 (8-8) 12 (9-11)12  (24-27)12 
G. speciosus Brazil 6 31.9+0.65 15.9+0.16 8.0 + 0.00 9.6+0.15 22.6 + 0.34 
(Mota); R (28-35) 11 (15-17) 11 (8-8)) 11 (9-10) 11 (21-25) 11 
G. speciosus Guyana g 31.7 15.8 7.8 9.7 25.5 
(south.); S (25-38) 6 (15-16) 6 (7-8) 6 (9-10) 6 (24—28) 4 
G. speciosus Guyana $ 32.4 16.0 8.0 10.2 23.5 
(south.); S (25-36) 5 (16-16) 5 (8-8) 5 (10-11) 5 (22-24) 4 
G. speciosus Trinidad; g 33.8 16.0 7.8 9.2 25.0 
T (29-38) 5 (16-16) 5 (7-8) 5 (9-10) 5 (22-27) 5 
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Dorsals 


33.2 + 0.09 
(32-34) 38 
33.1 + 0.12 
(32-34) 22 
32.7 
(32-33) 6 
32.9 + 0.13 
(32-34) 25 
33.5 
(32-35) 2 
33.0 + 0.09 
(32-34) 46 
33.3 + 0.13 
(32-35) 29 
34 
-) 1 
34.0 
(34-34) 2 
33.8 + 0.24 
(33-35) 12 
33 
-) 1 
33.9 + 0.31 
(33-36) 10 
35 
-) 1 
33.2 + 0.14 
(32-34) 17 
34.0 + 0.23 
(33-35) 11 
33.0 
(33-33) 2 
32.8 
(32-33) 8 
33.0 
(33-33) 3 
33.0 
(33-33) 2 
35.1 + 0.23 
(33-36) 12 
32.5 + 0.16 
(32-33) 11 
35.8 
(35-37) 4 
33.2 
(32-34) 5 
35.0 
(34-36) 5 


Scales around 


midbody 


13.0 + 0.00 
(13-13) 39 
13.0 + 0.00 
(13-13) 23 
13.0 
(13-13) 6 
13.0 + 0.00 
(13-13) 26 
13.0 
(13-13) 2 
13.0 + 0.00 
(13-13) 49 
13.0 + 0.00 
(13-13) 30 
13 
-) 1 
13.0 
(13-13) 2 
13.0 + 0.00 
(13-13) 12 
13 
-) 1 
13.0 + 0.00 
(13-13) 11 
13 
© 1 
13.0 + 0.00 
(13-13) 17 
13.0 + 0.00 
(13-13) 11 
13.0 
(13-13) 2 
13.0 
(13-13) 8 
13.0 
(13-13) 3 
13.0 
(13-13) 2 
13.0 + 0.00 
(13-13) 12 
13.0 + 0.00 
(13-13) 11 
13.0 
(13-13) 6 
13.2 
(13-14) 5 
13.8 
(13-15) 5 
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Left toe lamellae 


16.9 + 0.09 
(16-18) 36 
17.0 + 0.12 
(16-18) 21 
17.2 
(16-18) 4 
17.1 + 0.09 
(16-18) 23 
16.5 
(16-17) 2 
17.0 + 0.10 
(16-18) 44 
17.0 + 0.06 
(16-18) 29 
15 
-) 1 
16.5 
(16-17) 2 
17.3 + 0.14 
(17-18) 11 
16 
(-) 1 
17.0 + 0.19 
(16-18) 11 
16 
-) 1 
16.9 + 0.12 
(16-18) 17 
16.6 + 0.24 
(15-17) 9 
16.0 
(16-16) 2 
17.6 
(17-18) 7 
17.0 
(17-17) 2 
16.5 
(16-17) 2 
16.6 + 0.24 
(15-18) 11 
16.7 + 0.21 
(16-18) 10 
16.7 
(15-19) 6 
16.8 
(16-18) 4 
16.0 
(15-17) 4 
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TABLE 3 
Extended 
Right toe Left finger 
lamellae lamellae 
16.9 + 0.10 12.9 + 0.06 
(16-19) 32 (12-13) 34 
16.9 + 0.10 13.0 + 0.08 
(16-18) 20 (12-14) 22 
17.4 13.0 
(17-18) 5 (13-13) 6 
17.0 + 0.09 13.0 + 0.06 
(16-18) 25 (12-14) 27 
17.5 13.0 
(17-18) 2 (13-13) 2 
16.9 + 0.06 12.8 + 0.07 
(16-18) 45 (12-14) 44 
16.9 + 0.10 12.8 + 0.11 
(16-18) 28 (11-14) 28 
15 11 
(-) 1 CC) 1 
16.0 12.0 
(16-16) 2 (12-12) 2 
17.1 + 0.21 13.0 + 0.21 
(16-18) 11 (12-14) 10 
17 13 
-) 1 ~ 1 
17.3 + 0.14 12.8 + 0.18 
(17-18) 11 (12-14) 12 
15 12 
-) 1 -) 1 
16.8 + 0.14 12.4 + 0.13 
(16-18) 17 (12-13) 16 
17.2 + 0.18 12.5 + 0.25 
(16-18) 11 (11-14) 11 
17.0 11.5 
(17-17) 2 (11-12) 2 
17.6 13.8 
(17-18) 8 (13-14) 7 
16.7 13.7 
(15-18) 3 (13-14) 3 
16.5 11.5 
(16-17) 2 (11-12) 2 
16.6 + 0.20 11.7 + 0.26 
(16-18) 11 (11-13) 10 
16.4 + 0.25 11.7 + 0.24 
(15-18) 11 (11-13) 9 
16.8 11.8 
(15-18) 6 (11-13) 5 
16.8 12.2 
(16-18) 5 (11-13) 5 
16.0 11.7 
(15-17) 4 (11-12) 3 


Right finger 
lamellae 
12.8 + 0.08 
(12-13) 33 
12.9 + 0.10 
(12-14) 22 
12.8 
(12-13) 6 
12.9 + 0.10 
(12-14) 24 
13.0 
(13-13) 2 
12.6 + 0.08 
(11-13) 44 
12.6 + 0.13 
(11-13) 29 
12 
C) 1 
12.0 
(12-12) 2 
12.8 + 0.25 
(12-14) 10 
12 
-) 1 
13.1 + 0.19 
(12-14) 12 

11 
-) 1 
12.6 + 0.12 
(12-13) 17 
12.4 + 0.20 
(11-13) 11 
11.0 
(11-11) 2 
13.4 
(12-14) 8 
13.0 
(12-14) 3 
11.5 
(11-12) 2 
11.6 + 0.24 
(11-13) 11 
11.7 + 0.17 
(11-12) 9 
12.2 
(11-13) 6 
12.4 
(12-13) 5 
12.0 
(12-12) 3 
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Femoral 
pores 
0.0 + 0.00 
(0-0) 40 
0.0 + 0.00 
(0-0) 23 
0.0 
(0-0) 6 
0.0 + 0.00 
(O-O) 27 
0.0 
(0-0) 2 
0.0 + 0.00 
(0-0) 47 
0.0 + 0.00 
(0-0) 29 
0 
~ 1 

0.0 
(0-0) 2 
0.0 + 0.00 
(0-0) 12 
0 
-) 1 
0.0 + 0.00 
(0-0) 11 
0 
-) 1 
0.0 + 0.00 
(0-0) 17 
0.0 + 0.00 
(0-0) 11 
6.0 
(5-7) 2 
0.0 
(0-0) 8 
0.0 
(0-0) 3 
9.0 
(8-10) 2 
0.0 + 0.00 
(0-0) 12 
6.7 
(6-8) 7 
0.0 
(0-0) 6 
8.5 
(6—10) 4 
0.0 
(0-0) 5 
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TABLE 3 
Continued 
Species Sample Sex Body length Supralabials Infralabials Gulars Ventrals 

G. speciosus Trinidad; 3 29.7 16.0 7.6 9.7 22.7 

T (26-33) 7 (16-16) 7 (7-8) 7 (9-10) 7 (22-24) 7 
G. speciosus Venezuela; 9 33.14 1.54 15.9+0.08 7.8 + 0.12 9.3+0.16 25.6 + 0.34 

U (24-44) 16 (15-16) 13 (7-8) 13 (8-10) 15 (23-27) 14 
G. speciosus Venezuela; 6 31.8+1.10 15.9+0.06 7.9+0.07 96+0.16 23.3 + 0.27 

U (22-39) 18 (15-16) 16 (7-8) 15 (9—11) 16 (22-25) 15 
G. lineatus Antilles; g 32.5 16.0 8.0 11.0 27.5 

Vv (32-33) 2 (16-16) 2 (8-8) 2 (11-11) 2 (27-28) 2 
G. lineatus Antilles; 3 35.5 16.0 8.0 10.0 24.5 

Vv (35-36) 2 (16-16) 2 (8-8) 2 (10-10) 2 (24-25) 2 
G. pleei Mart.; 9 35.74 1.67 140+0.05 60+0.00 11.2+0.17 266+ 0.33 

Ww (25-51) 21 (13-14) 21 (6-6) 21 (10-12)20 (24-29) 19 
G. pleei Mart.; 6 340+0.93 140+0.00 60+0.00 11.4+0.16 25.0 + 0.27 

WwW (22-42) 23 (14-14) 23 (6-6) 23 (10-13) 23 (23-27) 22 


2 Mean + | Standard Error of the mean (range) and sample size. Sample locality data are in the Appendix. 
6 Identification is tentative in the absence of karyotypic or electrophoretic data and with only one specimen in the 


sample. 


of G. pleei); dorsal caudal scales smooth at 
base of unregenerated tail, keeled posterior 
to first one-third or one-quarter tail length 
(but keeled on base of tail of G. pleei); regen- 
erated caudal scales keeled. In addition, these 
lizards generally have five or six supralabials 
counted to the posterior edge of the eye, ex- 
cepting G. pleei, which usually has four 
(sometimes five). 

Considering the 10 more variable charac- 
ters (table 3; body length and nine scale 
counts), no populations compared are dis- 
tinctive for two of the characters (body length; 
number of finger lamellae), except females of 
G. pleei get larger than the others. Gymnoph- 
thalmus pleei is distinct from G. underwoodi 
and G. speciosus in seven characters (total 
number of supralabials; total number of in- 
fralabials counted to posterior edge of eye; 
number of gulars; number of ventrals; num- 
ber of scales around midbody; number of toe 
lamellae; and number of femoral pores in 
males). Gymnophthalmus lineatus appears to 
be distinct from G. underwoodi and G. spe- 
ciosus in five characters (gulars; ventrals; dor- 
sals; scales around midbody; femoral pores 
in males). These data also are consistent with 
eliminating p/eei and lineatus from the list of 
potential ancestors of underwoodi. Two of the 


three remaining species in the genus, G. rubri- 
caudus (of central Argentina to northern Bo- 
livia east of the Andes) and G. multiscutatus 
(of eastern Brazil in Bahia, Ceara, and Per- 
nambuco) are ruled out on morphological and 
geographic grounds: both have distinctive 
scale characters and several strongly contrast- 
ing light stripes on a dark ground color. 
Considering the more variable characters 
(table 3), the females of G. underwoodi and 
those of G. speciosus differ significantly (but 
with overlap) only in two characters (ven- 
trals, higher in speciosus; dorsals, higher in 
speciosus); and in some samples of speciosus 
(not all) the number of scales around mid- 
body averages one (or less) scale more than 
in underwoodi. These species are exceedingly 
similar in characters of size and scutellation, 
particularly considering the correlation in 
ventrals and dorsals of females (see multi- 
variate analyses below). Based on all these 
observations, we suggest that the second (un- 
known) ancestor of G. underwoodi is similar 
to both G. underwoodi and G. speciosus but 
has, on average, fewer ventrals and dorsals. 
One sample that is distinctive among all 
the unisexual samples is that from Ilha de 
Maraca, Roraima, northern Brazil (table 3, 
sample M). All eight of these specimens have 
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TABLE 3 
Continued 
Scales around Right toe Left finger Right finger Femoral 
Dorsals midbody Left toe lamellae lamellae lamellae lamellae pores 
32.4 13.6 16.7 16.8 12.0 12.1 8.0 
(31-34) 7 (13-15) 7 (16—18) 7 (15-18) 7 (11-13) 7 (11-13) 7 (4-10) 7 
35.5 + 0.49 14.0 + 0.32 16.0 + 0.48 16.2 + 0.58 12.0 + 0.44 11.5 + 0.42 0.0 + 0.00 
(31-38) 13 (13-17) 15 (14-20) 14 (14-20) 13 (10-15) 13 (10-15) 13 (0-0) 13 
32.6 + 0.20 13.6 + 0.34 16.3 + 0.40 16.2 + 0.34 11.7 + 0.27 11.8 + 0.36 8.5 + 0.42 
(31-34) 16 (12-18) 17 (14—20) 13 (14-20) 15 (11-15) 15 (11-16) 14 (6—13) 15 
36.5 15.0 17.0 17.5 12.5 — 0.0 
(36-37) 2 (15-15) 2 (17-17) 2 (17-18) 2 (12-13) 2 _ (0-0) 2 
35.0 14.5 17.5 16.0 12:5 12.0 10.0 
(35-35) 2 (14-15) 2 (17-18) 2 (16-16) 2 (12-13) 2 (11-13) 2 (10-10) 2 
33.3 + 0.13 17.8 + 0.22 19.2 + 0.26 19.2 + 0.28 12.6 + 0.21 12.8 + 0.17 0.0 + 0.00 
(32-34) 19 (17-19) 21 (17-21) 20 (17-21) 19 (11-15) 20 (12-14) 18 (0-0) 20 
31.3 + 0.13 17.6 + 0.20 18.4 + 0.19 18.7 + 0.23 13.0 + 0.20 13.2 + 0.19 13.4 + 0.31 
(30-33) 23 (16—19) 23 (17-20) 21 (17-21) 21 (12-15) 23 (12-15) 22 (11-16) 22 


six infralabials (three on each side) to the 
posterior edge of the eye; the second on each 
side is elongate. These lizards also more fre- 
quently have a second loreal on one side and 
the nare low in the nasal, suggesting that they 
need additional investigation. They could 
represent a distinctive clone of G. underwoodi 
or they could be a different species. Most liz- 
ards in sample Q have infralabials similar to 
these also. 

Given the difficulties of distinguishing be- 
tween G. underwoodi and G. speciosus on the 
basis of morphology of preserved specimens, 
we should explain the identifications pre- 
sented in table 3. For underwoodi, karyotypic 
and/or electrophoretic data were available for 
samples D, H, J, and L, and all were identical. 
Other samples identified here as underwoodi 
are morphologically similar or indistinguish- 
able and also lack males. The sample of 
MZUSP females from eastern Suriname (Z) 
might include both underwoodi and speciosus 
because two MZUSP males (sample P) have 
the same locality data; it is conceivable that 
sample Q includes both species also (P and 
Q include the males identified by Vanzolini, 
1976, as G. underwoodi). For speciosus, 
karyotypic and/or electrophoretic data were 
available only for sample T; other samples 


identified as speciosus are morphologically 
similar or indistinguishable and include males 
also. This includes the MPEG specimens 
(sample R) from Colonia Coronel Mota, Ro- 
raima, Brazil, with a 50:50 sex ratio, origi- 
nally identified by Cunha (1981) as G. un- 
derwoodi. We follow Hoogmoed (1973) in 
applying the name speciosus to bisexual pop- 
ulations in northern South America, realizing 
that future comparisons may reveal that ad- 
ditional cryptic species are involved (the type 
locality for G. speciosus is Nicaragua). 


MULTIVARIATE MORPHOLOGICAL ANALYSES 


Because significant sexual dimorphism is 
indicated for three characters (females have 
more ventrals than males, more dorsals, but 
no femoral pores; table 3), principal com- 
ponents analyses (PCAs) were performed 
separately on males and females. Several dif- 
ferent PCAs were performed for various rea- 
sons, based on the same 10 characters (nine 
for females) in table 3, and these are discussed 
separately below. 

PCA 1: The 53 males of G. speciosus, G. 
lineatus, and G. pleei with complete data were 
analyzed to see whether clustering would be 
consistent with recognizing three or more 
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Fig. 4. Polygons and letters indicating scores of 53 males of Gymnophthalmus (lineatus, pleei, spe- 
ciosus) on the first two principal components extracted from the correlation matrix of 10 morphological 
characters (tables 3, 4). Each letter represents an individual, from samples listed with corresponding 
letters in table 3. The distinctive speciosus (individual U) is UIMNH 63577 from “Venezuela.” 


taxa. Assuming that the pleei specimens from 
the island of Martinique represent one spe- 
cies, would PCA show the speciosus to have 
a similar form of clustering (even if occupying 
a different polygon), or might the speciosus 
occur in two clusters that could represent un- 
recognized cryptic species? The analysis (fig. 


4) revealed three groups consistent with the 
known taxa, but one specimen of speciosus 
(an individual of sample U, UIMNH 63577, 
with locality data specific only to ““Venezue- 
la’) was separated from the other speciosus 
specimens on the first principal component 
(PC1). The pleei (W) completely separated 
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TABLE 4 
Character Loadings on First Two Axes for Three Principal Components 
Analyses of Gymnophthalmus Morphology? 


PCA 2 PCA 3 
PC 1 PC 2 PC | PC 2 
0.170 —0.100 —0.074 —0.481 
—0.924 0.062 ~0.135 0.565 
—0.762 0.212 0.171 0.760 
0.721 0.023 0.067 0.358 
0.722 0.541 0.819 —0.196 
0.060 0.832 0.801 -0.043 
0.947 —0.010 0.314 —0.284 
0.591 —0.535 —0.617 —0.077 
—0.130 -0.801 —0.796 —0.154 
42% 22% 28% 16% 


PCA 1 
Character PC 1 PC 2 

Body length 0.384 0.732 
Supralabials —0.915 0.156 
Infralabials —0.908 0.254 
Gulars 0.845 0.081 
Ventrals 0.738 0.424 
Dorsals —0.654 0.533 
Around body 0.906 .—0.101 
Toe lamellae 0.814 —0.165 
Finger lamellae 0.713 0.271 
Pores 0.897 0.102 
Variation expl. 63% 12% 


2 Based on data summarized in table 3. 


from the other taxa on PC1, the form of clus- 
tering in pleei and speciosus (P-U) was sim- 
ilar, and lineatus (V) was separated from spe- 
closus on PC2; however, the sample size of 
lineatus was small. For speciosus, samples R 
(Colonia Coronel Mota, Brazil) and T (Cha- 
cachacare Island, Republic of Trinidad and 
Tobago) are particularly informative because 
they each represent samples of one deme and 
we also have karyotypic and electrophoretic 
data for sample T; R and T cluster together 
(fig. 4). The correlation matrix showed sig- 
nificant correlation among all scale counts 
except ventrals and dorsals for this compar- 
ison, but little correlation between body length 
and the scale counts. The first two principal 
components jointly accounted for 75 percent 
of the total variation in the data set (PC1 = 
63%; PC2 = 12%), and no other principal 
components explained as much as 10 per- 
cent. The loadings on the components are 
listed in table 4 and the scores are shown in 
figure 4. 

PCA 2: The 255 females of G. speciosus, 
G. lineatus, G. pleei, and G. underwoodi with 
complete data were analyzed to see whether 
clustering would be consistent with recogniz- 
ing four or more taxa and to see if the females 
cluster similarly to the males. Would the fe- 
males of speciosus have a form of clustering 
similar to the females of pleei from Marti- 
nique (even if occupying a different polygon), 
or might the speciosus females occur in two 


clusters that could represent unrecognized 
cryptic species? The analysis (fig. 5) revealed 
that pleei (W) completely separated from the 
others on PC1; most speciosus specimens (R- 
U) clustered reasonably well together (but one 
individual of U, FMNH 176692 from Puerto 
Ayacucho, Amazonas, Venezuela, was clear- 
ly distinct on PC2); lineatus (V) was separated 
from speciosus on PC1, although there may 
have been overlap if there had been a larger 
sample of /ineatus; and the positively iden- 
tified underwoodi (HEJO polygon) tended to 
separate from the positively identified spe- 
closus, with some overlap of their polygons. 
Again, the most informative speciosus sam- 
ples, R and T, clustered together, as in the 
males. The most informative underwoodi, 
each representing restricted localities and 
represented by karyotypic and/or electropho- 
retic data, are D (Trinidad) and H, J, and L 
(Suriname); these clustered together and with 
A (Barbados; type locality). All 11 individ- 
uals of Q and M with complete data clustered 
together and separate from the others, again 
indicating that these Brazilian populations 
need additional study. Other individuals of 
interest are K and F (table 3, fig. 5), which 
could be either underwoodi or speciosus, and 
one Z (MZUSP 11593), which clustered with 
the speciosus (Z is the sample from Langa- 
mankondre, Suriname, that included two 
males; see below). The correlation matrix 
showed significant correlation among most 
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Fig. 5. Polygons and letters indicating scores of 255 females of Gymnophthalmus (lineatus, pleei, 
speciosus, underwoodi) on the first two principal components extracted from the correlation matrix of 
nine morphological characters (tables 3, 4). Only letters for individuals on the periphery of each polygon 
are shown (due to crowding), correlated with samples listed in table 3. Sample sizes are as follows: 
lineatus (V), 2; pleei (W), 17; speciosus (USR polygon), 29, including 3 from sample T, 11 from R; Q 
and M polygon, 11; and underwoodi (HEJO polygon), 196, including 32 for sample A (type locality, 
Barbados), 40 for D, 10 for H, 9 for J, 17 for L, and 11 for Z. The distinctive individual speciosus 
indicated (U) is FMNH 176692 from Puerto Ayacucho, Amazonas, Venezuela. 


1990 


of the scale counts, including ventrals and 
dorsals, but no correlation between body 
length and the scale counts. The first two 
principal components jointly accounted for 
64 percent of the total variation in the data 
set (PC1 = 42%; PC2 = 22%), PC3 accounted 
for 11 percent, and no other principal com- 
ponent explained as much as 10 percent. The 
loadings on the components are listed in ta- 
ble 4. 

PCA 3: Samples of G. lineatus and G. pleei 
were included in the previous analyses to 
compare patterns of clustering within G. spe- 
ciosus and G. underwoodi with samples of 
bisexual species from limited geographic ar- 
eas. Our purpose now, however, is to com- 
pare clustering among the underwoodi, the 
speciosus, and the samples of uncertain iden- 
tity more directly (table 3) to see if the uni- 
sexual samples cluster with subsets of the bi- 
sexuals in a way suggesting that two cryptic 
ancestors of the underwoodi are represented 
among these specimens. Since pleei and lin- 
eatus are not considered as ancestors, re- 
moving them from this analysis prevents their 
characters from distorting the spatial ar- 
rangements among the specimens on which 
we focus now. Thus, the 236 females of G. 
speciosus, G. underwoodi, and Gymnophthal- 
mus of uncertain identity (table 3) with com- 
plete data were analyzed. The analysis (fig. 
6) revealed that the speciosus specimens clus- 
tered together reasonably well (again, an in- 
dividual U, FMNH 176692 from Puerto 
Ayacucho, Venezuela, was distinct, this time 
on PC1), and the positively identified under- 
woodi tended to separate from the speciosus, 
but their polygons did overlap. Again, the 
most informative speciosus samples, R and 
T, clustered together, and the most infor- 
mative underwoodi samples (A, D, H, J, and 
L) clustered together also. Again, all 11 spec- 
imens of Q and M clustered together but sep- 
arately from the others. This time, specimen 
K clustered ambiguously with speciosus and 
underwoodi, but the one F and MZUSP 11593 
(of sample Z) clustered with the speciosus, as 
in PCA 2. Spatial arrangement of the clusters 
(fig. 6) is not such that underwoodi occupies 
a sector intermediate to two others, although 
the identity of FMNH 176692 is question- 
able if it is not an aberrant individual. The 
correlation matrix showed significant corre- 
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lation among many scale counts, including 
ventrals and dorsals, but no correlation be- 
tween body length and the scale counts. The 
first two principal components jointly ac- 
counted for only 44 percent of the total vari- 
ation in the data set (PC1 = 28%; PC2 = 
16%), PC3 and PC4 each accounted for 12 
percent, and no other principal component 
explained as much as 10 percent. The load- 
ings on the components are listed in table 4. 
As suggested by the univariate comparisons 
(see above; table 3), PCA 3 (fig. 6; table 4) 
suggests that the second bisexual ancestor of 
G. underwoodi has, on average, fewer ventrals 
and dorsals than underwoodi or G. speciosus. 


COLORATION 


In colors and color pattern, females of G. 
underwoodi and G. speciosus are exceedingly 
similar, whereas G. pleei and the other known 
species of Gymnophthalmus are more dis- 
tinct. In life, the character that may be most 
useful for distinguishing the cryptic species 
is color of the tail. General form and pattern 
of living lizards are shown in figure 7. 

The following color notes on G. under- 
woodi are based on living females from the 
Emperor Valley Zoo, Port-of-Spain, Trini- 
dad (AMNH 119742-119743 and 128446— 
128449); from Christiaankondre, Suriname 
(AMNH 133314—-133321); and from Lely- 
dorp, Suriname (AMNH _ 133329 and 
133333). Dorsum medium brown with tiny 
black specks and inconspicuous copper iri- 
descence; light tan dorsolateral stripe from 
snout passing over eye, fading near midbody 
(offset anteriorly on body, above and below, 
by adjacent row of black dots), evident weak- 
ly over hips; sides, arms, hands, legs, feet 
uniform dark brown, rarely with tiny metallic 
copper flecks on flanks; top of head medium 
brown; base of tail medium brown, encircled 
with tan and black dots; distal half of tail gray 
(regenerated tail brown or gray); chin, throat, 
chest, undersides of arms, abdomen gray with 
copper iridescence (yellow iridescence in ju- 
veniles) and tiny black flecks; undersides of 
legs, anal region, tail grayish-brown, but often 
tail very light gray. 

The following color notes on G. speciosus 
are based on living individuals from Cha- 
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Fig. 6. Polygons and letters indicating scores of 236 females of Gymnophthalmus (speciosus, under- 
woodi) on the first two principal components extracted from the correlation matrix of nine morphological 
characters (tables 3, 4). Individuals analyzed and included in the respective polygons are the same ones 
as in figure 5, except the G. pleei (W) and G. lineatus (V) were excluded. The distinctive individual 
speciosus indicated (U) is FMNH 176692 from Puerto Ayacucho, Amazonas, Venezuela. 


cachacare Island, Republic of Trinidad and 
Tobago (AMNH 119744 and 128438- 
128445). These animals appeared to be iden- 
tical to the G. underwoodi noted above but 


with the following few differences, some of 
which are slight: dorsum with or without sub- 
tle, small dark brown and tan flecks in lon- 
gitudinal rows; flanks usually with flecks of 
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Fig. 7. A. Gymnophthalmus underwoodi (AMNH 119415) from Brokopondo, Suriname (snout-vent 
length, 32 mm). B. Gymnophthalmus speciosus (from series of AMNH 128438-128445) from Chaca- 
chacare Island, Republic of Trinidad and Tobago. C. Gymnophthalmus pleei (from series of AMNH 
12843 1-128437) from Martinique. D. Open riverside habitat (along Suriname River) of G. underwoodi 


in Brokopondo, Suriname, 2 July 1980. 


metallic copper; light tan dorsolateral stripe 
continuing along body (sometimes as row of 
spots, posteriorly) onto base of tail, there 
breaking up into series of tan spots; on some, 
lateral scales edged with beige or having an 
inconspicuous light line (ear to hind leg), per- 
haps broken; regenerated tail brown; under- 
sides of chin, throat, arms, chest, abdomen 
bright pinkish-orange or copper; underside 
of legs gray, of tail pinkish-copper or orang- 
ish-tan (gray distally). The only difference be- 
tween G. underwoodi and G. speciosus clearly 
recognized in specimens that have been in 
preservative for several years is the contin- 
uation of the dorsolateral light line to the base 
of the tail (usually seen as a row of light spots) 
in speciosus and, in some speciosus, the less 
conspicuous lateral line (most often visible 


on neck). The similarity in coloration of these 
species is consistent with the genetic data sug- 
gesting that speciosus is one of the bisexual 
ancestors of underwoodi and consistent with 
suggesting that the other ancestor also is mor- 
phologically similar to these two. 
Gymnophthalmus pleei is similar in col- 
oration also, as shown by notes on living in- 
dividuals from Martinique (AMNH 128423- 
128437). These appeared to be identical to 
the G. underwoodi noted above but with the 
following differences: vertebral area with 
poorly defined brown stripe; series of black 
flecks along upper edge of dorsolateral light 
stripes; pale copper and gold flecks on sides 
anterior to arms; arms of adults with pale 
copper and gold stripes and flecks; top of head 
and tail base with black specks; chin, throat, 
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chest, abdomen with more conspicuous dark 
gray or black flecks. 


ECOLOGY 


Gymnophthalmus speciosus, G. under- 
woodi, and G. pleei all thrive in open habitats 
where direct sunlight reaches the ground and 
temperatures are high (fig. 7D). 

At the research station Simla (Arima Val- 
ley), the University of the West Indies (St. 
Augustin), and the Emperor Valley Zoo (Port- 
of-Spain), Republic of Trinidad and Tobago, 
and at Brokopondo (fig. 7D) and Christiaan- 
kondre, Suriname, we found G. underwoodi 
active only on hot, open, sunlit ground, often 
around buildings. Individuals are best caught 
in areas of short grass, including lawns, be- 
cause they are small, they skitter about quick- 
ly, and they dive into litter and holes for cov- 
er. 

Populations can be particularly dense in 
areas where walls, paved walkways, rocks, or 
leaf litter provide extra protection. Although 
other teiids are more active earlier in the 
morning, the major activity period for G. un- 
derwoodi was from about 10:30 A.M. to 2:00 
P.M. on clear, sunny days in March, April, 
June, and July. The following temperatures 
(degrees centigrade) were recorded in Bro- 
kopondo at sites where lizards were captured 
from 30 June to 2 July 1980: air (1 m above 
ground), 30.3, substrate, 32.0, air among grass 
(1 cm above ground) where the lizard ran, 
34.2 (10:30 A.M.); air (1 m above ground), 
29.6, substrate, 32.2 (11:40 A.M.); air (1 m 
above ground), 30.6, substrate, 38.8, air 
among grass (1 cm above ground) where the 
lizard ran, 33.4 (12:40 p.M.). Immediately af- 
ter recording the last series of temperatures, 
we stepped into adjacent forest and recorded 
the following temperatures about 5 m away: 
air (1 m above ground), 30.1, substrate, 26.5, 
and air among vegetation (1 cm above 
ground), 27.7. We did not see G. underwoodi 
in forest habitat, although several open areas 
in which we saw the lizards were adjacent to 
forest. The hottest site at which we saw a G. 
underwoodi lizard was a pile of rocks in full 
sunlight at 2:00 P.M. in Brokopondo. The 
rocks were so hot that one could not grasp 
them and the air temperature where the lizard 
disappeared among them was 40.0°C. On rel- 
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atively cool, partly cloudy days with inter- 
mittent sun, a few Gymnophthalmus were 
seen basking. In Brokopondo, most Gym- 
nophthalmus were collected in the small park 
along the Suriname River (fig. 7D). In Chris- 
tiaankondre, most were collected in the leaf 
litter under the mango trees in town, in mid- 
afternoon, on sunlit ground at the periphery 
of the shade of the trees. 

On Chacachacare Island (3-5 April 1984) 
we found G. speciosus in open sunny areas 
around houses and in or at the edges of de- 
ciduous forest that was leafless in the dry sea- 
son, always in sunlit leaf litter. On Marti- 
nique we found G. pleei at La Plantation de 
La Leyritz, 2.5 km S Basse-Pointe (28-31 
March 1984). Lizards were found in sunny 
places on the lawn and in debris around old 
buildings and in particular abundance in 
bamboo leaf litter on grass beside a stream 
near the entrance road, mostly from 11:30 
A.M. to 4:00 P.M. 

These habitat notes are consistent with 
those of Hoogmoed (1973) for G. under- 
woodi, indicating that these species of Gym- 
nophthalmus are most successful in open 
habitats, such as savanna, whether natural or 
disturbed. They are found rarely, if ever, in 
full-canopied forest. 


THE MIssING ANCESTOR 


All of the morphological, karyotypic, and 
biochemical data presented above are con- 
sistent with the conclusion that the unisexual 
G. underwoodi had a hybrid origin. Gymno- 
Dhthalmus speciosus has a combination of 
traits (genetic, morphological, ecological, dis- 
tributional) that strongly suggest it was one 
of the bisexual ancestors. Gymnophthalmus 
pleei is ruled out as the other bisexual an- 
cestor based on external morphology, karyo- 
types, and proteins detected by electropho- 
resis. External morphology suggests that none 
of the other known species of Gymnophthal- 
mus matches predictions for the other an- 
cestor. We suggest that the other bisexual an- 
cestor is a cryptic species morphologically 
similar to G. underwoodi and G. speciosus, 
which, similarly, lives in open habitats some- 
where in or near the Guiana Region (northern 
Brazil, eastern Venezuela, Guyana, Surina- 


1990 


aA 


Venezuela 


Colombia 


COLE ET AL.: UNISEXUAL LIZARDS 23 


5 


] 
‘., Suriname 


‘sGuiana , 


U 
? 
¢ 
¢ 


Fig. 8. Localities for Gymnophthalmus in the Guiana Region of northern South America and the 
Republic of Trinidad and Tobago. (@) G. underwoodi; (O) G. underwoodi?, (&) G. speciosus; (A) G. ? 
(specimens referred to as such in table 3 and the Appendix). Localities of special interest are as follows: 
Puerto Ayacucho, Amazonas, Venezuela (solid triangle on border with Colombia); Chacachacare Island 
(solid triangle immediately to the west of northern Trinidad); Ilha de Maraca, Roraima, Brazil (open 
circle in northern Brazil); Orealla, Guyana (open circle on border with Suriname); Brokopondo, Suriname 
(southernmost solid circle in Suriname); and Langamankondre and Christiaankondre, Suriname (partial 
closed circle and partial closed triangle together on border with French Guiana, near the coast). 


me, French Guiana; fig. 8) of northern South 
America. 

The morphological analyses indicate that 
the unknown ancestor differs from G. under- 
woodi and G. speciosus by having, on average, 
somewhat fewer ventral and dorsal scales (ta- 
bles 3, 4; fig. 6), and these are not independent 
characters. We also presented detailed pre- 
dictions for the karyotype (fig. 2) and relative 
mobilities of proteins encoded by 33 gene loci 
(table 2; fig. 3) of this unknown bisexual an- 
cestor. 

Future samples that may represent this un- 
known ancestor should be tested karyotypi- 
cally and electrophoretically. The karyotype 


alone would be highly suggestive, when com- 
pared with figure 2. For electrophoresis, the 
new samples would have to be run with at 
least one known G. underwoodi sample on 
the same gels, and then the results could be 
compared with ours (table 2; fig. 3). Ideally, 
future comparisons should include G. specio- 
sus from the mainland and from the type 
locality of speciosus (Nicaragua) also, as our 
specimens of speciosus so tested were all from 
Chacachacare Island. Although the mor- 
phology, including principal components 
analyses (figs. 4—6), suggests that all or nearly 
all specimens we referred to speciosus rep- 
resent one taxon, it is possible that the un- 
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known ancestor is masquerading among some 
of the preserved specimens from northern 
South America that we examined. 

In our search for the missing ancestor, the 
MZUSP specimens (Vanzolini, 1976) from 
Langamankondre, eastern Suriname looked 
promising. There were 11 females (sample Z, 
table 3) and two males (sample P, table 3) 
collected in 1966. Thus, in 1986 we collected 
in the area (adjacent town of Christiaan- 
kondre; sample L, table 3), but all 17 of our 
specimens examined in all details were G. 
underwoodi. We doubt that a bisexual species 
of Gymnophthalmus occurs there today, and 
for now, we refer those MZUSP males to G. 
Speciosus. 

By using morphology, karyotypes, protein 
electrophoresis, and deduction, we have 
learned more about the unknown bisexual 
ancestor than is known about most species 
of lizards represented in museum collections, 
yet no specimens of this taxon are known to 
exist (Cole et al., 1989). As with te1id lizards 
of the genus Cnemidophorus (Dessauer and 
Cole, 1989; Sites et al., 1990; Vyas et al., 
1990), and other organisms recently under 
investigation (e.g., birds studied by Cappa- 
rella, 1988), application of karyotypic and 
biochemical methods is revealing more about 
tropical diversity than can be understood by 
using traditional morphological characters 
alone. 


SUMMARY, CONCLUSIONS, AND 
SCENARIO ON THE HYBRID 
ORIGIN OF G. UNDERWOODI 


1. Morphological, karyotypic, and bio- 
chemical observations confirm that Gym- 
nophthalmus underwoodi occurs in all-female 
populations in Trinidad and northern Suri- 
name. Comparative morphology indicates 
that similar unisexual populations of under- 
woodi occur also in French Guiana, northern 
Brazil, Guyana, and the following islands of 
the West Indies: Barbados (type locality), 
Dominica, Grenada, Guadeloupe, and St. 
Vincent. Two specimens from St. Thomas 
probably represent an artificial introduction 
or erroneous locality data. 

2. Females of G. underwoodi from Trinidad 
and Suriname produce clones independently 
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by parthenogenetic reproduction (also see 
Hardy et al., 1989). 

3. The karyotype of G. underwoodi is dip- 
loid, with four heteromorphic pairs of chro- 
mosomes. 

4. Electrophoresis of 33 tissue proteins of 
G. underwoodi reveals high heterozygosity 
(45%) in structural genes, indicating it had a 
hybrid origin. 

5. Gymnophthalmus pleei from Martinique 
and G. speciosus from Chacachacare Island, 
Republic of Trinidad and Tobago, were test- 
ed as possibly representing the bisexual an- 
cestors of G. underwoodi. 

6. Sensitive genetic tests (protein electro- 
phoresis; karyotypes) clearly ruled out G. pleei 
as one of the ancestors; G. pleei has a suite 
of genes and chromosomes that are not pres- 
ent in either of the other two species. 

7. We conclude that G. speciosus is one of 
the ancestors of G. underwoodi. The chro- 
mosome number, sizes, and shapes and the 
electrophoretic mobilities of all 33 proteins 
studied in G. speciosus perfectly match one 
of the two haploid sets detected in G. under- 
woodi. 

8. Although G. underwoodi and G. specio- 
sus differ considerably in genetic characters 
(considering the second haploid complement 
of chromosomes and genes in underwood), 
morphologically they are cryptic species. 

9. The second bisexual ancestor of G. un- 
derwoodi remains to be found. We predict it 
is a third cryptic species similar to under- 
woodi and speciosus in morphology, ecology, 
and behavior, and living somewhere in or 
near the Guiana Region of northern South 
America. 

10. Electrophoresis of tissue proteins and 
karyotypes from fresh samples would pro- 
vide the critical tests for identifying the sec- 
ond bisexual ancestor. Detailed predictions 
are presented (above) for the morphology, 
karyotype, and electrophoretic mobilities of 
33 proteins of this otherwise unknown an- 
cestor. 

11. The hybrid event creating G. under- 
woodi probably occurred in northern South 
America, associated with shifting habitats 
(savanna or other open habitats versus forest; 
Cole et al., 1989). Such habitat shifts accom- 
pany fluctuations in rainfall, as in Pleistocene 


1990 


to Recent times, changes in the courses of 
rivers, and human modifications of natural 
habitats (e.g., Haffer, 1979; Hoogmoed, 1979; 
Huber, 1987; and several papers in Vanzolini 
and Heyer, 1988). 

12. The.same clone of G. underwoodi oc- 
curs in Trinidad and Suriname, and possibly 
at many or all of the other localities from 
which the species is known. Specimens from 
populations in northern Brazil (e.g., Ilha de 
Maraca, Roraima) should be tested for pos- 
sible differences, however. There may be more 
cryptic species in this complex than we are 
now aware of. 

13. Unisexual populations of G. under- 
woodi in the West Indies probably resulted 
from dispersal and colonization by one or a 
few parthenogenetic females. Island coloni- 
zation is particularly efficient in partheno- 
genetic species; reproductive potential is 
enormous, as every normal individual pro- 
duces female offspring independently. 

14. Application of karyotypic and bio- 
chemical methods is revealing more about 
tropical diversity than can be understood by 
using traditional morphological characters 
alone. 
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APPENDIX 
Specimens Examined 


The 450+ specimens are referred to by their 
individual catalog numbers in the 21 herpetolog- 
ical collections utilized (see Acknowledgments), 
or, in a few cases, by their frozen tissue catalog 
numbers (FT), which are individually recorded 
when the preserved specimens are entered into the 
permanent AMNH catalog (excepting a few ju- 
veniles or hatchlings that were frozen whole). The 
upper case letter following the catalog number in- 
dicates the geographic sample to which the spec- 
imens were assigned for morphological analyses 
(table 3; figs. 4-6). The lower case letters following 
the catalog numbers indicate the kind of data taken 
from each specimen, as follows: e, external mor- 
phology; k, karyotype; p, protein electrophoresis. 


Arthrosaura kockii (Van Lidth de Jeude) 


SURINAME: Brownsberg Nature Reserve, Ma- 
zaroni Plateau, 500 m elev (AMNH 133341, 
133344, FT 184, 187, all p). 


Gymnophthalmus lineatus (Linnaeus) 


BONAIRE (AMNH 73270, V, e). CURACAO 
(AMNH 73314, V, e): Domquito, Naranjavay 
(AMNH 73321, 73322, V, e). 


Gymnophthalmus pleei Bocourt 


DOMINICA: St. John Parish; 1.7 km NW 
Portsmouth, 300 m elev (KU 100559; we did not 
use this specimen in analyses but did positively 
identify it; if the locality data are correct, it is the 
first specimen of this taxon from this island). 
MARTINIQUE: La Plantation de Leyritz, 2.5 km 
S Basse-Pointe (AMNH 128423-128425, 128429, 
and 128434—128437, all W, e; AMNH 128433, 
W, e, k; AMNH 128426-128427, W, e, p; and 
AMNH 128428 and 128430-128432, W, e, k, p); 
St. Anne (USNM 123837, W, e); Tivoli (USNM 
121251, W, e); 3 km NE Tartane, Chateau DuBuc 
(ASFS 18762-18765, ASFS x389-x392, x394— 
x396, x398, x400—-x405, and x417-x419, W, e; we 
also positively identified the following hatchlings 
and juveniles, although they were not used in the 
analyses: ASFS 18766, and ASFS x406—x415); Case 
Pilote (MCZ 69445, W, e); Pointe Cararoli, 
Presq’ile de la Caravelle (MCZ 79826, W, e); Le 
Carbet (MCZ 79824-79825, W, e); Anse Chalvet 
(MCZ 149331-149332, W, e); Ft. de France (MCZ 
6044); S. Pierre (MCZ 6045). 


Gymnophthalmus speciosus (Hallowell) 


REPUBLIC OF TRINIDAD AND TOBAGO: 
Chacachacare Island (AMNH 119744, 120624— 


120626, and 128445, T, e; AMNH 128444, T, e, 
k; AMNH_  128438-128439, T, e, p; AMNH 
128440-128443, T, e, k, p; and FT 1389, p). SU- 
RINAME: Langamankondre (MZUSP 11582 and 
11588, P, e; males). BRAZIL: Roraima; Boa Vista 
(MZUSP 3219, Q, e); Surumu (MZUSP 13969, Q, 
e); Colonia Coronel Mota (MPEG 3968-3970, 
4009, 4033-4036, 4095-4099, 4108, 4172-4175, 
4200, 4301, and 4415-4417, R, e). GUYANA 
(AMNH 131995-131996, S, e); Marudi (AMNH 
61332-61334, S, e); Isheartun (AMNH 61420, and 
131990-131994, S, e); Manari (FMNH 177609, 
S, e). 

VENEZUELA (BMNH 47.6.23.20 and UIMNH 
63571, 63576-63581, all U, e); Puerto Ayacucho 
(FMNH 176692, U, e); Valencia (MCZ 22157, U, 
e). Anzoategui; San Tome (USNM 140249, U, e). 
Apure, Hato La Guanota, 4 km W San Fernando 
de Apure (TCWC 44820, U, e); 6.0 km W San 
Fernando de Apure (TCWC 4623446235, U, e). 
Aragua; Maracay (KU 182748, U, e); San Juan de 
Los Morros (USNM 72755, U, e). Bolivar; Ciudad 
Bolivar (UIMNH 63563, U, e); the mission, Ca- 
marata (BMNH 1976.216-1976.217, U, e). 
Cojedes; Mun. Cojodes, Camoruco, Finca La Co- 
romoto (UF 57387-57388, U, e). Falcon; Disto. 
Miranda, Sabaneta (UF 57378-57379, U, e). Por- 
tuguesa; Araure (UF 57385, U, e); Mun. Piritu, 
San Jorge (UF 57380-57384, 57386, 57389, and 
57390, U, e). Sucre; Cumana (KU 117105, U, e); 
Cumanacoa Road (KU 117106, U, e). HON- 
DURAS: Colon; Las Champas, Rio Paulaya 
(BMNH 1985.1291; not used in analyses). 


Gymnophthalmus underwoodi Grant 


BARBADOS (UIMNH 65928, BMNH 
1964.1869, FMNH 21101 [four specimens], 
MZUSP 7633, USNM 30991, all A, e; USNM 
30992 was positively identified but not used in the 
analyses): Christ Church; Coverly (LACM 61262— 
61263, ASFS x6777, x678 1—x6784, x6786, x6789— 
x6793, x6795, A, e; ASFS x6796-—x6805 were 
hatchlings and juveniles positively identified but 
not used in the analyses); Hastings (MCZ 79822- 
79823, A, e); South Point Lighthouse (MCZ 
149573, A, e). Near Gay’s Cove, St. Lucy-St. Peter 
(MCZ 75021, A, e). St. Michael; Bridgetown (ASFS 
x6845, A, e); St. Michael area (BMNH 
1957.1.4.16-1957.1.4.18, and BMNH 1957.1.9.3- 
1957.1.9.5, A, e). St. Peter, Heywoods Beach (ASFS 
x6815-x6817, A, e; ASFS x6818-x6824 were 
hatchlings and juveniles positively identified but 
not used in the analyses). St. Philip, Deebles Point 
(UF 15086-15087, A, e). St. John (BMNH 
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1964.1875, A, e). Sam Lord’s Castle (MCZ 86635, 
A, e). 

DOMINICA: St. George; Castle Comfort, River 
Canari Valley (USNM 218274—218279, O, e). 
GRENADA: Ross Ct. (UMMZ 127381, C, e). 
Grand Anse Beach, Riveria Hotel (USNM 192965, 
C, e). GUADELUPE: Basse-Terre, 1 km S Das- 
haies (SDSNH 64393-64395, N, e); St. Sauveur, 
jct. road to Chutes de Carbet (USNM 283176- 
283183, N, e). Grande-Terre, 6 km WNW St. 
Francois (SDSNH 64387, N, e); 4.5 km WSW St. 
Francois (SDSNH 64388-64389, N, e); 1.5 km NE 
Anse Bertrand (SDSNH 64390, N, e); Pointe du 
Capucin, 1 km SSE Pointe du la Grande Vigie 
(SDSNH 64391, N, e); 3 km NE Port Louis 
(SDSNH 64392, N, e); 2.2 km SE Gros Cap (Anse 
Maurice) (SDSNH 64396, N, e); Grands Fonds 
(SDSNH 64512, N, e); Abymes, Raizet (USNM 
163072, MCZ 122219-122221, N, e; and USNM 
163073 was positively identified but not used in 
the analyses). SAINT VINCENT ISLAND (LACM 
114811, B, e); hillside above Kingstown (UMMZ 
128455 [two specimens], B, e); cane garden S of 
Kingston (MCZ 79729-79730, B, e; MCZ 79731- 
79734 were positively identified juveniles not used 
in the analyses); Camden Park (MVZ 84026, B, 
e); Camden Park, Sion Hill (MVZ 84708-84709, 
B, e); Sion Hill, near Kingstown (MVZ 84027- 
84028, B, e); Sion Hill (MVZ 84385-84394, 97877— 
97879, B, e); 1.8 km WSW Stubbs, 185 m elev 
(UF 57374, B, e); Ratho Mill, Sugar Mill Inn (UF 
57375-57377, B, e). 

REPUBLIC OF TRINIDAD AND TOBAGO 
[there are no records for the island of Tobago]: 
Simla Research Station (FMNH 218533, D, e; FT 
117, 118, 122, e); Spring Hill Farm (FMNH 
177041, D, e); Toco (MVZ 84024, D, e, MVZ 
84025 was a positively identified juvenile not used 
in the analyses); Grand Riviere Beach, between 
Toco and Matelot (MVZ 84019, D, e; MVZ 84020- 
84023 were positively identified juveniles not used 
in the analyses); Mayaro (USNM 166660, D, e). 
St. David Co.; 3.3 km SE Toco (ASFS T219, D, 
e). St. George Co.; Imperial College of Tropical 
Agriculture (AMNH 72849, D, e); Blanchisseuse 
(USNM 227707-—227708, D, e); Port-of-Spain 
(AMNH 101301, MCZ 55674, 61031-61032, D, 
e); Port-of-Spain, Emperor Valley Zoo (AMNH 
119742-119743, D, e; AMNH 128446-128449, 
D, e, p); Santa Cruz Valley, 12.5 km N San Juan 
(ASFS T50-T51, juveniles positively identified but 
not used in the analyses); St. Augustine (BMNH 
1964.1859-1964.1868, 1964.1876-1964.1878, 
MCZ 66942, 66944-66952, 79111-79113, D, e); 
St. Augustin, University of the West Indies 
(AMNH 119438, D, e, k; AMNH 119437 and 
119439-119440, D, e; FT 120-121 and 136-138, 
e). 
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GUYANA: Enmore Estate (USNM 163055- 
163062, E, e; USNM 163063-163068 were posi- 
tively identified juveniles not used in the analyses); 
Georgetown (BMNH 1970.644, 1926.5.27.1, MCZ 
61030, E, e); Georgetown Hotel Belvidere (FMNH 
170770, E, e); Georgetown, Botanic Gardens 
(BMNH_ 1977.288-1977.299, E, e); Demerara 
(BMNH 89.9.30.9-89.9.30.12, E, e); penal settle- 
ment, Mazaruri (BMNH_ 1934.11.1.104—- 
1934.11.1.105, E, e). FRENCH GUIANA: Cay- 
enne (MNHN 1975-2441 [one specimen], G, e); 
St. Laurent (MCZ 152195, G, e). 

SURINAME: Paramaribo (CM 44403-44408, 
FMNH 121085, USNM 158973-158974, H, e); 
Lelydorp (AMNH 133334, H, es AMNH 133329 
and 133333, H, e, p); Brokopondo (AMNH 
119412-119416, ANSP 28785-28786, J, e; 
AMNH 119417-119418, J, e, k; AMNH 133330— 
133332, J, e, p; and FT 181-182, 185-186, 188, 
191, 234—236, 399, 1101-1107, 1311-1320, 1381- 
1382, 1386-1387, and 1390, e [10 field-captured 
+ 22 laboratory-hatched colony lizards]); Chris- 
tiaankondre, near mouth of Marowijne River 
(AMNH  133071-133072, 133317, 133320- 
133328, L, e, p; AMNH 133314—133316, 133318- 
133319, L, e, k, p). 

ST. THOMAS (LACM 126564—126565; we did 
not use these specimens in analyses, but they ap- 
pear to be G. underwoodi; if the locality data are 
correct, these are the first specimens of this taxon 
from these islands). 


Gymnophthalmus underwoodi? 


GUYANA: Orealla, Corentyne River (BMNH 
1977.300, F, e; the only specimen from this lo- 
cality is a female that is morphologically similar 
to G. speciosus, although close to underwoodi [ta- 
ble 3; figs. 5, 6]). SURINAME: Saramacca; S slope 
Voltz Berg, 150 m elev (AMNH 108784, K, e; the 
only specimen from this locality is a juvenile of 
uncertain sex that is similar to G. underwoodi, but 
with low numbers of lamellae [table 3]); Sipaliwini 
Savanna, top of the highest hill of the Vier Ge- 
broeders (MCZ 152196, I, e; this juvenile of un- 
certain sex is similar to G. underwoodi [table 3)). 
BRAZIL: Roraima; Ilha de Maraca (MR 008, 105, 
293-294, 313-314, 324, 331, M, e; all eight spec- 
imens from this locality are females that plot on 
PCA distinctively from G. underwoodi [table 3; 
figs. 5, 6)). 


G.? 


SURINAME: Christiaankondre (MZUSP 
10920, Z, e) and Langamankondre (MZUSP 
11585-11587, 11589-11593, MCZ 133903- 
133904, Z, e); this series of females was collected 
by B. Malkin in 1966 with two males we identified 
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as G. speciosus (sample P) and may contain both 
speciosus and underwoodi (see figs. 5, 6, in which 
one individual of Z plotted with speciosus, the 
others with underwoodi); our sample (L) collected 
in Christiaankondre in 1986 included only fe- 
males, all G. underwoodi. BRAZIL: Amazonas; 


Barcelos (MZUSP 31928, Q, e); Paricatuba, prs. 
Tapurucuara (MZUSP 29092, Q, e); Sao Joao, prs. 
Tapurucuara (MZUSP 29548-29551, Q, e); Tape- 
ra, Rio Negro (MZUSP 29385, Q, e). Para; Taperi- 
nha (MZUSP 13194, Q, e). These are the Brazilian 
females of uncertain identity (table 3, figs. 5, 6). 
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